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Abstract 
This article discusses the main aspects of design, usage and production of the retroreflective material technology, including the 
retroreflective film using glass microspheres (microscopic glass beads) produced with a different technology: direct placement of 
the microspheres into the surface layer and using an air capsule between the surface layer and microspheres as a reflecting 
element. The results of the experimental work describe the method used for infliction of microscopic glass beads on the adhesive 
layer (depositing thin films of the microscopic glass beads on a substrate). Photos were created from the retroreflective layer and 
the retroreflective target from company V-stars. The production technology of the thin retroreflective film is presented and the 
possible ways to increase the quality of produced films are showed. 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of ICIE 2016. 
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1. Introduction 
Reflective materials are widely used in traffic control devices [1], when the lane markings on the road signs [2], 
vehicles and clothing for identification in the dark, on road safety signs [3]. For this class of materials characterized 
by a high degree of reflection and low absorption coefficient. As used microprisms retroreflective elements of the 
system and glass beads micrometer size [4]. The most important characteristic of the retroreflective element, in 
addition to performance, such as durability, flexibility, impact resistance and a coefficient of retroreflection range of 
angles, in which the return light beam fallen. 
To protect the reflective film from the adverse effects of the environment is possible to use a polymer layer on 
top of the microspheres or corner reflectors[5]. 
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2. The design of the most common films 
The most common technique for creating this system is to place a layer of microscopic glass beads in a 
translucent polymer layer, followed by coating the composition on top of the protective polymer (usually applied 
polyester film or acrylic). 
On the lower metallized surface glue is applied, release paper closed by release paper. When using polyester 
films have higher mechanical strength, but because of polyester aging (opacification by light) they have less battery 
life. In the case of acrylic film have a longer life but they have lower mechanical strength during manufacturing 
signs and manual [6]. 
Under the service life means the period during which the photometric characteristics of the film are not 
deteriorated more than a two times [7]. 
When light enters on microsphere first reflection occurs from the surface, as is the case if the sphere could be 
considered as a mirror, and then is partially reflected by the inner boundary of the microspheres, a further portion of 
the light beam which has passed these stages, reaches the reflective layer, which returns the beam back the scope 
and further - to the source[8] . 
The polymer, which includes microspheres is optically permeable, whereby light enters the wee the sphere acts as 
a lens due to a special surface treatment of the microspheres [9]. 
In order to increase the reflectance can be added under a layer of microspheres "silvered" retro-reflective layer or 
the bottom surface metallization of glass beads (30 to 50% of the surface of the ball) to create a mirror effect[10]. 
If the microspheres are integrated into the polymer layers, there are different technical embodiments a light 
reflecting layer. 
2.1. A direct adjacency of the surface layer to the microspheres 
In the production of this type of weather-resistant film on the front transparent resin layer is applied, in which 
glass microspheres immersed uniformly. Then, the resin layer applied amalgam reflector, then an adhesive layer and 
a protective substrate is made of cardboard with double-sided polyethylene coating (Fig. 1). 
 
Fig. 1. The surface layer is adjacent to the microspheres, where in 1- the surface layer 1, 2 - glass microspheres, 3 - intermediate layer, 4-
reflecting layer, 5 - an adhesive layer, 6 - an incident light beam 7 - reflected light beam 
2.2. Using an air cushion between the surface layer and microspheres, which unites a group of microspheres in a 
sealed capsule with multiple boundaries 
Reflective film of this type is more complex to manufacture. Glass microspheres, half immersed in the polymer 
layer, are combined in groups in particular air capsules. Capsules are properly insulated polymer layers from each 
other. Thus, the film has a honeycomb structure. The lower reflector layers forming amalgam with reliable and 
protective adhesive backing of siliconized polypropylene film (Fig. 2). 
Films of this type have a higher reflective effect and provide the maximum level of reflection even in poor light 
source. 
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Fig. 2. 1 - surface layer 2 - docking location 3 - air layer, 4 - glass microspheres 5 - reflective layer 6 - inflicted material layer 7 - the adhesive 
layer 8 - the incident light beam 9 - reflected light beam 
2.3. Further processing and cutting films 
For cutting and further processing Reflective films comprising aluminum foil, and the optical elements, 
apply special blades intended for cutting thick materials or with small knives sharpening angle. To reduce the risk of 
peel-off material from the base is made rounding all sharp items. 
 
3. The results of experimental work on the development of production technology retroreflective marks 
The experimental work carry out on formation of uniform layers of materials on a substrate for subsequent 
coating them with a layer of microscopic glass beads using spin coating unit. 
Drawing was conducted on a glass substrate at room temperature at a rotational speed of 1000 rpm. 
Testing was conducted on two substrates: the first based on cyanoacrylates, the second - on the basis of carboxyl-
containing styrene copolymer. 
After application the substrate was manually conducted applying microscopic glass spheres formed on the 
surface of the substrate, followed by distribution of the surface layer prepared using spin count unit at a speed of 
1000 rpm. 
Additional protective film coating is not applied. 
On the surface of sample glass microsphere covers the entire surface. On the resulting film microspheres do not 
form a solid surface coating, leaving large areas of open substrate. 
To improve the results obtained in the further planned more careful selection of the intermediate layer on which 
the retroreflective microsphere distribution for a more uniform distribution on the surface. 
Planned additional procedures for plasma cleaning of the substrate from organic contamination prior to 
application of the intermediate layer and applying an additional clear protective layer over the glass microspheres to 
protect against mechanical damage. 
The reflective film - sample observed uniform coating retroreflective areas of its surface. The resulting film has a 
high dispersion of microspheres over the surface, with the surface area of coverage of the order of 3-5%. In the 
produced film is observed a significantly higher dispersion of glass microspheres in size, while the difference in the 
sample reaches a maximum size of about 50%. To eliminate this disadvantage is planned to use the microscopic 
forces to sort glass microbeads. 
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Fig. 3. The structure of the sample reflective sheeting (left) and obtained on the basis of cyanoacrylates (right) 
As can be seen from a comparison of images from a microscope specimen film surface, and synthetic (Fig. 3) 
glass microspheres from synthetic film have significant differences in size, in contrast to the specimen film. 
4. Summary  
1. This paper presents the scope of application of reflective materials on the basis of microprisms and 
microscopic glass beads. 
2. The most common scheme of the technical implementation of retroreflective sheeting with glass microspheres 
directly implanted into the surface layer and with the formation of an air cushion are presented. 
3. Experimental results obtaining reflective sheeting and held its comparison with a reference sample are 
presented. Disadvantages resulting film are described and the possible options for improving the coefficient of 
retroreflectivity are showed. 
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